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EXPLANATION 

ISOBARS  are  straight,  horizontal  brown  lines.  The  heights  of  the  pressure  surfaces 
in  the  ICAO  Standard  atmosphere,  below  the  pressure  values  on  the  left,  are  in  paren 
these  ( ) for  values  in  feet  and  brackets  [ ) lor  meter  values. 

ISOTHERMS  (°C)  are  the  straight,  equidistant  brown  lines  running  diagonally  upward 
from  left  to  right. 

DRY  ADIABATS  aie  the  slightly  curved  brown  lines  that  intersect  the  1000  mb.  iso- 
bar at  intervals  of  2°C.  and  run  diagonally  upward  from  right  to  left  The  Dry  Adiabats 
for  the  overlap  portion  of  the  pressure  range  are  labeled  with  two  values.  (See  below.) 

SATURATION  ADIABATS  are  the  curved  green  lines  that  intersect  the  1000  mb.  iso 
bar  at  intervals  of  2°C,  diverging  upward  and  tending  to  become  parallel  to  the  dry 
adiabats. 

SATURATION  MIXING  RATIO  (in  gm  per  kg.)  is  represented  by  dashed  green  lines. 
The  values  appear  between  the  1000  and  950  mb.  lines. 

THICKNESS  (in  hundreds  of  geopotential  feet  and  meters)  of  the  layers  1000'700. 
1000-500.  700-500,  500-300.  300-200,  200  150,  150-100.  100-50.  and  50-25  mb.  is  repre- 
sented by  numbers  and  a graduation  along  the  middle  of  each  layer.  The  thicknesses 
are  obtained  from  the  virtual  temperature  curve  by  the  equal-area  method,  using  any 
straight  line  as  a dividing  line. 

HEIGHT  in  geopotential  feet  or  meters  above  mean  sea  level,  or  station  level,  of 
the  1000  mb  surface  is  obtained  from  the  nomogram  in  the  upper  left-hand  corner  by 
drawing  a straight  line  from  the  temperature  scale  (”F)  or  (°C)  through  the  point  p„ 
(mean  sea  level  or  station  pressure)  on  the  pressure  scale,  and  reading  height  on  the 
appropriate  height  scale 

ICAO  STANDARD  ATMOSPHERE  SOUNDING  is  indicated  by  a thick  brown  line. 

The  saturated  adiabats  and  isopleths  of  saturation  miiing  ratio  are  computed  by 
use  of  vapor  pressure  over  a plane  water  surface  af  all  temperatures 

Extension  of  chart  to  25  mb.  has  been  accomplished  by  overlap  with  pressure  indi 
cated  in  brackets  [100]  at  400  mb.  and  [25]  at  100  mb.  Dry  adiabats  tor  the  overlap 
are  labeled  in  parentheses  ( ). 

APPROXIMATE  VIRTUAL  TEMPERATURE  may  be  obtained  from  the  formula  T,  :iT  + ^ 
where  T,  is  virtual  temperature  in  °C.  T is  free  air  temperature  in  °C.  and  w is  mixing 
ratio  in  grams/kilogram  For  purposes  of  thickness  computation,  use  the  mean  tern 
perature  of  the  layer  for  T and  use  fhe  mean  mixing  ratio  of  the  layer  for  w 

Black  dots  walong  wind  scale  line  indicates  the  levels  for  which  wind  data  are  reported 
and  plotted.  The  open  circles  O indicate  the  mandatory  pressure  levels  at  which  wind 
data  are  also  entered. 

All  heights  used  in  this  diagram  are  in  geopotential  feet  and  meters. 
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Appendix  A I 

TABLES  OF  THE  CRPL  EXPONENTIAL  REFERENCE  ATMOSPHERES*  i 


The  tables  themselves  are  simply  a presentation  of  ray-tracing  variables. 
In  tnese  tables  all  angles  are  given  In  mllllradlans  and  all  distances  In  kilo- 
meters. For  each  different  profile  (N^  = 200  through  450)  ray  tracings  are 
given  for  from  0 to  900  mllllradlans.  In  approximately  a geometric  progres- 
sion (l.e.,  0,  0.5,  I,  2,  4,  8,  15,  30,  65,  100,  200,  400,  and  900  mllllradl- 
ans), at  fixed  heights  along  the  ray  path.  From  left  to  right:  first  Is  given 
the  SURFACE  N,  or  N^,  to  4 figures,  not  rounded.  Exact  values  of  N^  used  are 
given  In  Table  1.  The  next  column  Is  the  value  of  a^.  In  mllllradlans.  The 
"HEIGHT"  Is  given  in  kilometers.  The  preceding  quantities  are  given  with 
fixed  decimal  points,  the  remaining  quantities  are  listed  as  floating  point 
numbers  In  the  following  fashion:  ±X.XXXX±E  where  the  first  sign  refers  to  the 
sign  of  the  number,  X.XXX,v;hich  Is  to  be  multiplied  by  10  to  the  power  ±E  de- 
pending on  the  second  sign. 

Examples : 

0.0000  = zero 

1.2345  = 1.2345  (x  10°) 

1.2345  3 = 1.2345  X 10^ 

-1.2345  3 = -1.2345  X 10^ 

1.2345-3  = 1.2345  X 10‘2 

-1.2345-3  = -1.2345  X 10'^ 

The  following  quantities  are  listed  as  floating  point  numbers  in  this 
manner:  "DELTA  H"  = correction  to  4/3  height  at  same  distance  to  equal 

"height"  In  kilometers;  "THETA"  = 6 or  local  elevation  angle.  In  mllllradlans; 
"delta  theta"  correction  to  4/3  earth  9 to  equal  THETA  at  same  distance.  In 
mllllradlans;  "DISTANCE"  = r^^  or  distance  along  earth's  surface,  In  kilo- 
meters; "TAU"  = T,  angular  bending.  In  mllllradlans;  "ERROR  ANGLE"  = e,  eleva- 
tion error  angle.  In  mllllradlans;  "SLANT  RANGE"  = R^,  straightline  distance 
from  ray  origin  to  point  at  h,  D,  in  kilometers;  "DELTA  R"  = AR,  difference 
between  distance  from  h = 0 to  given  height  along  ray  path  and  slant  range,  in 
kilometers;  "DELTA  R-E"  = AR^,  difference  between  radiopath  length  and  slant 
range,  in  kilometers. 


* From:  B.  R.  Bean  and  G.  D.  Thayer:  "The  CRPL  Exponential  Reference  Atmos- 
phere," NBS  Nomogr,  4,  October  29,  1959.  See  sections  4.4  and  9.1.2  of  Vol- 
lime  I for  development  and  use  of  CRPL  Model  for  refraction  computations. 


1 


Technical  Report  183 
Vol.  II 


March  1965 


The  following  ray-tracing  variables  have  not  been  printed,  but  can  be 
easily  calculated  from  those  given,  as  follows: 

^ _ d "DISTANCE" 

^ ~ ~ "Initial  fj^dius" 

where  r^  = 6373.0150  + h^  (kilometers) 

0 = -r  - e = "TAU"  - "ERROR  ANGLE" 

; R = R + AR  = "SLANT  RANGE"  + "DELTA  R",  R = R i AR  = "SLANT  RANGE"  + "DELTA 

I O GOG 

!.  R-E".  Values  of  elevation  of  the  ray  starting-point,  h , are  given  in  Table  1. 

L S 

The  last  profile,  for  N^  = 289. 0,  Is  a special  profile  which  was  prepared 
■ for  the  purpose  of  making  direct  comparisons  between  4/3  earth  refraction  and 

^ an  exponential  profile  having  the  same  N-gradient  at  the  surface.  It  is  In- 

' j tended  for  applications  where  It  Is  desired  to  replace  the  4/3  earth  treatment 

f I with  a single  standard  atmosphere  having  the  advantage  of  differing  very  little 

from  the  4/3  earth  near  the  surface . 


TABLE  1 


Factors  Employed  In  Exponential  Reference 
Atmosphere  Profiles. 


^s 
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AN 

1 — 

°e 

1 

Effective 
earth's  radius 
factor, * k 

N 

ft 

N 

km 

200.0 

10,000 

-22.3318 

0.118400 

1.17779 

252.9294 

5,000 

-30.0000 

.126255 

1.25551 

313.0 

700 

-41.9388 

.143859 

1.40229 

344.5244 

0 

-50.0000 

. 156805 

1.52479 

377.2161 

0 

-60.0000 

.173233 

1.71320 

404.8565 

0 

-70.0000 

. 189829 

1.95921 

450.0 

0 

-90.0406 

. 223256 

2.77761 

289.0 

0 

-36.684830 

0.13574771 

1.3332410 

* It  - (note  that  ^ <0).  ^ *^s 


where  a is  taken  as  6373.0150  km  (3,960  miles). 
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Appendix  B* 
RAY-TRACING  DIAGRAMS 


Page 


PART  1 - Transmitter  2000  feet  above  superstandard  layer  - Cases  1 

through  11 6l 

PART  2 - Transmitter  1000  feet  above  superstandard  layer  - Cases  12 

through  22 75 

PART  3 - Transmitter  at  base  of  superstandard  layer  - Cases  23 

through  33 89 

PART  4 - Transmitter  500  feet  below  superstandard  layer  - Cases  24 

through  44 I03 

PART  5 - Transmitter  1000  feet  below  superstandard  layer  - Cases  45 

through  55 II7 

PART  6 - Transmitter  100  feet  above  surface  In  superstandard  layer  - 

Cases  56  through  6l I3I 


■t 


* See  sections  6.4  and  9.1.4,  Volume  I,  for  emploiTnent  of  diagrams  in  radar 
coverage  computations. 
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PART  3 

TRANSMITTER  AT  BASE  OF  SUPERSTANDARD  LAYER 


Layer  Characteristics 


Case 

“T  “B 

Thickness 

-AN 

-AB 

TrapplnK  Intensity 

Page 

23 

50' 

20 

19.4 

Yes 

91 

24 

50' 

40 

39.4 

Yes 

92 

25 

200' 

20 

17.6 

Yes 

93 

26 

200' 

40 

37.6 

Yes 

94 

27 

200' 

60 

57.6 

Yes 

95 

28 

500' 

20 

14 

No 

96 

29 

500' 

40 

34 

Yes 

97 

30 

500' 

60 

54 

Yes 

98 

31 

1000' 

20 

8 

No 

99 

32 

1000' 

40 

28 

No 

100 

33 

1000' 

60 

48 

Yes 

101 

89 
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PART  4 

TRANSMIWER  5OO  FEET  BELOW  SUPERSTANDARD  LAYER 

Layer  Characteristics 


Case 

“T  B 

Thickness 

-AN 

-AB 

Trapping  Intensity 

Page 

34 

50' 

20 

19.4 

Yes 

105 

35 

50' 

40 

39.4 

Yes 

106 

36 

200' 

20 

17.6 

Yes 

107 

37 

200' 

40 

37.6 

Yes 

108 

38 

200' 

60 

57.6 

Yes 

109 

39 

500' 

20 

14 

No 

110 

40 

500' 

40 

34 

Yes 

111 

41 

500' 

60 

54 

Yes 

112 

42 

1000 ' 

20 

8 

No 

113 

43 

1000' 

40 

28 

No 

114 

44 

1000' 

60 

48 

Yes 

115 

103 
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PART  5 

TRANSMITTER  1000  FEET  BELOW  SUPERSTANDARD  LAYER 


Layer  Characteristics 


Case 

“T  B 

Thickness 

-AN 

-AB 

Trapping  Intensity 

Page 

45 

50' 

20 

19.4 

Yes 

119 

46 

50' 

40 

39.4 

Yes 

120 

47 

200' 

20 

17.6 

Yes 

121 

48 

200' 

40 

37.6 

Yes 

122 

49 

200' 

60 

57.6 

Yes 

123 

50 

500' 

20 

14 

No 

124 

51 

500' 

40 

34 

Yes 

125 

52 

500' 

60 

5^ 

Yes 

126 

53 

1000' 

20 

8 

No 

127 

54 

1000' 

40 

28 

No 

128 

55 

1000' 

60 

48 

Yes 

129 

117 
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PART  6 


TRANSMITTER  100  FEET  ABOVE  SURFACE  IN  SUPERSTANDARD  LAYER 


Layer  Characteristics 


Case 

T “B 
Thickness 

-AN 

-ab 

Trapping  Intensity 

Pa  Re 

56 

150 ' 

20 

18.2 

Yes 

133 

57 

150 ' 

40 

38.2 

Yes 

134 

58 

150 ' 

60 

58.2 

Yes 

135 

59 

300' 

20 

16.4 

Yes 

136 

60 

300' 

40 

36.4 

Yes 

137 

61 

300' 

60 

56.4 

Yes 

138 
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Appendix  C 

METHODS  OF  DETERMINING  AND  FORECASTING  D-VALUES 


Constant-pressure  maps  may  be  readily  converted  to  D- value  or  HCF  (Height  * 

Correction  Factor)  maps.  Since  the  contours  on  a constant-pressure  map  repre- 
sent the  true  altitude  of  that  pressure  surface,  one  has  simply  to  subtract  the  | 

standard-atmosphere  height  of  the  pressure  surface  from  the  contour  height  and  ! 

re-label  the  contour  with  the  D-value.  Merely  reversing  the  sign  of  the  D-  1 

value  converts  the  constant-pressure  map  to  an  HCF  map.  Figures  3 through  I8  j 

are  seasonal  climatic  charts  of  D-values. 

i 

Presented  below  are  two  methods  of  forecasting  D-values  that  detachments  | 

can  use.  Only  under  very  unusual  or  rapidly-moving  synoptic  situations  will  a i 

height  value  at  a point  be  likely  to  change  more  or  less  than  the  National  i 

Meteorological  Center's  (NMC)  facsimile  prognoses  indicate.  Therefore,  the 
forecasting  methods  are  Justifiably  very  simple,  and  will  rarely  cause  a fore- 
cast to  miss  by  more  than  one  to  two  hundred  feet.  As  pointed  out  in  section 
9.1.5-1)  of  Volume  I,  it  must  be  remembered  that  D-values  have  no  connection 
with  refraction  errors. 


C . 1 . Method  1. 

a.  Preparation  and  Plotting.  Use  Figure  1 mounted  with  a stiff  backing 
and  covered  with  Figure  2 inscribed  on  acetate.  To  insure  correctness  of 
scaling  the  vertical  index  lines  labeled  "O"  should  overlay  as  well  as  the 
borders  of  the  two  figures.  Having  the  lines  on  the  acetate  opposite  in  color 
from  Figure  1 will  increase  ease  of  reading. 

Figure  1 has  been  drawn  to  allow  direct  plotting  from  raob  reports.  The 
horizontal  lines  represent  the  mandatory  reported  pressure  surfaces.  Each  sur- 
face is  identified  by  the  pressure  in  millibars  given  near  the  right  margin  of 
the  graph.  The  pressure  altitude  of  each  surface  in  geopotential  meters  and 
feet  is  also  given  at  the  far  right.  The  three  digits  of  the  surface  ne'jht 
which  is  used  for  raob  transmission  are  underlined.  The  short  vertical  lines 
denote  20-meter  intervals.  The  "T''-value3  represent  lOO-meter  Ititervals  and 
are  coded  with  the  th3?ee  digits  transmitted  as  raob  data.  The  "0"  line  coin- 
cides with  the  standard  heigtit  of  each  surface. 

The  portion  of  the  graph  to  the  left  of  the  "0"  line  denotes  negative  D- 
values  and  hence  positive  HCF's  while  the  right  side  of  the  graph  denotes 
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Figure  1.  Mandatory  Pressure-Surface  Graph  for  Computation 
D-HCF  Values. 


NfGATIVE  0-VALUE  OR  POSITIVE  HCF  POSITIVE  D-VALUE  OR  NEGATIVE  HCf 


Igure  2.  D-HCF  Overlay  for  Mandatory  Pre 
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positive  D- values  or  negative  HCF's. 

The  actual  D- value  or  HCF  is  determined  with  Figure  2 (inscribed  on 
acetate).  The  vertical  lines  are  in  intervals  of  100  feet  and  are  labeled  each 
200  feet.  The  dashed  horizontal  lines  are  height  lines  in  Intervals  of  5000 
feet  with  the  value  of  each  line  coded  in  thousands  of  feet  Just  left  of  the 
"0"  line. 

The  raob-reported  heights  can  be  plotted  on  the  acetate,  connected  by 

straight  lines  and  the  D-value  or  HCF  determined  for  any  height  (up  to  55»000 

feet)  or  pressure  surface  (up  to  100  mb)  by  noting  the  distance  of  the  sound- 
ing from  the  "0"  line  of  Figure  2. 

b.  Forecast. 

(1)  Forecast  the  D-value  at  each  level  of  interest  by  persistence, 
trend,  advection  and  the  NMC  prognoses. 

j (2)  Draw  straight  lines  connecting  the  forecast  values. 

! (3)  Read  the  forecast  D-values  for  the  desired  levels. 

1 

(4)  The  signs  of  the  D-values  must  be  reversed  if  they  are  trans- 
j mltted  as  HCF's. 

I C.2.  Method  2. 

I This  method  utilizes  no  computer,  graph,  or  similar  tool.  Simply  maintain 

a logging  system  for  the  representative  raob(s)  to  note  the  changes.  The  log, 
when  coupled  with  the  NMC  analyses  and  prognoses,  denotes  the  trend  in  the 
height  field.  From  these,  the  D-value  can  be  extrapolated  \^;lth  a rather  high 
degree  of  accuracy. 

As  in  Method  1,  the  sign  of  the  D-value  must  be  reversed  if  D-values  are 
, transmitted  as  HCF's. 

D-values  or  HCF's  are  not  required  routinely  in  all  of  the  Air  Defense 
Command  activities.  Often,  requests  are  initiated  by  ADC  personnel  when  they 
suspect  height-finding  errors  in  their  equipment. 

I D-values  or  HCF's  should  not  be  forecast  as  an  average  for  a large  area; 

e,g.,  the  entire  defense  sector.  The  average  may  be  good  in  one  direction  under 
' normal  circumstances  but  fail  miserably  in  the  opposite  direction.  It  is  far 

I better  to  subdivide  the  sector  into  smaller  s^'ctlons  if  required,  or  better 

; still,  forecast  the  D-values  for  a particular  station  or  point  within  the 

I sector. 

I 
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If  planning  forecasts  are  required,  the  4th  Weather  Wing  study,  "Mean  and 
Standard  Deviation  of  Selected  Pressure  Level  Heights  over  the  U.  S."  (4WW-448), 
February  1958,  provides  an  excellent  guide.  Most  4th  Weather  Wing  detachments 
should  have  this  study  available  in  their  files. 

No  detachment  is  obligated  to  use  the  methods  listed  in  this  report.  There 
are  several  other  methods  that  give  equally  good  results.  If  the  methods  here 
are  used,  however,  it  is  suggested  that  the  procedures  for  plotting  and  fore- 
casting be  extracted  and  made  a permanent,  easily  accessible  part  of  the  com- 
puter. 
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Figure  3.  SOO-.nb  Winter  Standard  Deviation  and  Average  D- Value. 
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Figure  6.  500-mb  Autumn  Standard  Deviation  and  Average  D-Value . 


Figure  7.  300-mb  Winter  Standard  Deviation  and  Average  D- Value. 


Figure  10.  300-mb  Autumn  Standard  Deviation  and  Average  D- Value. 


Figure  11.  200-mb  Winter  Standard  Deviation  and  Average  D- Value 


•icure  12.  200-nb  Spring  Standard  Deviation  and  Average  D- Value. 
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Figure  13.  200-rr.b  Summer  Standard  Deviation  and  Average  D- Value. 


Figure  14.  200-mb  Autumn  Standard  Deviation  and  Average  D-Value , 
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Figure  15.  130-irib  Winter  Standard  Deviation  and  Average  D-Value. 
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Figure  IJ.  130-mb  Summer  Standard  Deviation  and  Average  D- Value. 


(APPENDIX  D TO  AWS  TECHNICAL  REPORT  183) 


